Retinol-binding protein 4 (RBP4) has been reported to be involved in the development of insulin resistance and diabetes. This study was designed to investigate serum levels of RBP4 in patients with type 2 diabetes with and without diabetic retinopathy. Based on ophthalmological examination, 92 patients with type 2 diabetes were divided into three subgroups: those without diabetic retinopathy (NDR; n = 40); those with simple diabetic retinopathy (SDR; n = 37); and those with proliferative diabetic retinopathy (PDR; n = 15). The serum RBP4 level was significantly elevated in individuals with PDR compared with those with NDR or SDR. There was a significant positive correlation between serum RBP4 level and the urine albumin excretion rate (r = 0.219). This study showed that RBP4 may be involved in the process of diabetic retinopathy and may be a novel biomarker for its diagnosis and treatment in diabetic patients.
Introduction
Diabetic retinopathy is a common microvascular complication of diabetes and a leading cause of adult vision loss and blindness. 1 Although progress has been made in the last decade in exploring its pathogenesis, the underlying molecular mechanisms of diabetic retinopathy remain unclear. Polyol accumulation, free radical damage and non-enzymatic glycation of proteins are believed to play a possible role in the pathogenic process. 2 Diabetic retinopathy is now recognized as a low-grade chronic inflammatory condition. 3 There are several inflammatory markers that may be involved in the pathogenesis of diabetic retinopathy. Retinol-binding protein 4 (RBP4), an adipokine, was predicted to be involved in the incidence and development of insulin resistance and diabetes. 4, 5 Studies have shown that circulating RBP4 levels are higher in patients with diabetes than those without diabetes, 6, 7 and that RBP4 levels correlate not only with indices of obesity and insulin resistance but also with inflammatory factors. 8 The hypothesis has been proposed that RBP4 is associated with the inflammatory process of diabetic retinopathy in type 2 diabetes and that RBP4 concentrations would be higher in diabetic individuals with retinopathy than in those without. The present study was designed to evaluate the serum RBP4 level in type 2 diabetic patients with or without diabetic retinopathy, and to evaluate the relationship between retinopathy stages and metabolic indices.
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Patients and methods
PATIENTS AND STUDY DESIGN
In this observational study, patients with type 2 diabetes who were attending Qilu Hospital of Shandong University, Jinan, China, between February and June 2009 for treatment of their diabetes were sequentially enrolled. All patients underwent a complete ophthalmic examination, including ocular fundus and retinal fluorescein angiography performed by an experienced ophthalmologist (X-Z. L.). Based on the examination reports, the patients were divided into the following three groups: those with no diabetic retinopathy (NDR); those with simple diabetic retinopathy (SDR); and those with proliferative diabetic retinopathy (PDR). Patients with serious acute and chronic complications of diabetes, liver, kidney or heart failure or other severe diseases were excluded and no patients were included who were taking any medication that might have affected RBP4 levels. All patients underwent a complete physical examination, including blood pressure measurement and a routine biochemical analysis of their blood. The body mass index, waist and hip circumferences, and waist-to-hip ratio were calculated.
The study protocol was approved by the Clinical Research Ethics Committee of Qilu Hospital, Shandong University, and written informed consent was obtained from all the patients.
BIOCHEMICAL ASSAYS
Blood was collected from each patient after an overnight fast. Serum was obtained by centrifugation and kept at -80°C for subsequent assays. Fasting blood glucose (FPG), 2-h blood glucose (PBG), total cholesterol (TC), triglyceride (TG), highdensity lipoprotein cholesterol (HDL-C) and low-density lipoprotein cholesterol (LDL-C) were determined by automatic biochemical analysis. Glycosylated haemoglobin (Hb A1c ) was detected by cation exchange column chromatography.
Serum RBP4 concentrations were measured by enzyme immunoassay (EIA) using a RBP4 (human) EIA kit (Phoenix Pharmaceuticals, Belmont, CA, USA) according to the manufacturer's instruction. The urinary albumin excretion rate (UAER) was analysed using immunoturbidimetry with an Array 360 automatic analyser (Beckman Coulter, Fullerton, CA, USA) and the mean was calculated from three consecutive 24-h urine samples. One set of blood samples was taken during this period.
STATISTICAL ANALYSIS
All analyses were carried out using the SPSS ® statistical package, version 13.0 (SPSS Inc., Chicago, IL, USA) for Windows ® . The mean ± SD was calculated for continuous variables. Each variable was examined for normal distribution and significantly skewed variables were log transformed. Comparisons of data among the three groups were performed using one-way analysis of variance. Comparisons between categorical variables were analysed using Pearson χ 2 -test. Correlations between variables were analysed by Pearson correlation analysis. All reported P-values were two-tailed and P < 0.05 was considered to be statistically significant.
Results
A total of 92 patients (46 men, 46 women) aged 33 -82 years who had a history of type 2 diabetes of 1 -25 years were enrolled in the study. Their demographic, physical and biochemical data after stratification into the three groups are shown in Table 1 . Duration of diabetes was significantly longer in PDR Z-Z Li, X-Z Lu, J-B Liu et al.
RBP4 levels in diabetic retinopathy
patients than in NDR patients (P < 0.05). Levels of FBG, PBG and Hb A1c were similar and at a high level in all groups, which demonstrated poor metabolic control. Levels of TG were significantly higher in PDR patients than in SDR patients (P < 0.05). Levels of TC, HDL-C and LDL-C were similar in all groups. The UAER and serum RBP4 level were significantly higher in PDR patients than in either NDR or SDR patients (all P < 0.01).
Correlation analyses showed a significant positive correlation between serum RBP4 levels and UAER (r = 0.219, P < 0.05). Age and HDL-C levels were also correlated with serum RBP4 (r = 0.428, P < 0.01; and r = -0.254, P < 0.05, respectively).
Discussion
The serum concentration of RBP4 was shown to be positively correlated with UAER in the present study, and a significantly higher level of RBP4 was observed in patients with PDR compared with patients with NDR or SDR, suggesting that RBP4 might be involved in the pathogenesis of diabetic retinopathy.
Serum concentrations of RBP4 have been reported to be elevated in insulin-resistant individuals with obesity, impaired glucose tolerance and type 2 diabetes, and also in lean normoglycaemic subjects with a strong family history of type 2 diabetes. 4, 5 Furthermore, serum RBP4 has been shown to be associated with variables related to adiposity, 9 insulin resistance 5 and metabolic syndrome. 10 Data show mean ± SD unless stated otherwise.
Comparisons of data among the three groups were performed using one-way analysis of variance and comparisons between categorical variables were analysed using Pearson's χ 2 -test: a P < 0.05 vs NDR; b P < 0.05 vs SDR; c P < 0.01 vs NDR; d P < 0.01 vs SDR. SBP, systolic blood pressure; DBP, diastolic blood pressure; FBG, fasting blood glucose; PBG, 2-h blood glucose; Hb A1c , glycosylated haemoglobin; TC, total cholesterol; TG, triglyceride; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; UAER, urine albumin excretion rate; RBP4, retinol-binding protein 4. been suggested that RBP4 interferes with insulin signalling in skeletal muscle and liver, which results in insulin resistance and hyperglycaemia. 4, 11 In the literature, however, there are some conflicting data related to RBP4 levels in diabetes. 12, 13 These reported differences may be due to differences in methodology or research populations.
Takebayashi et al. 14 reported a positive correlation of RBP4 levels with urinary albumin excretion, which is consistent with the current study. Raila et al. 15 reported that plasma RBP4 was increased in type 2 diabetic patients with microalbuminuria as compared with a normoalbuminuric group. These results imply that excretion or degradation of RBP4, together with other adipocytokines, may have been impaired from the early stages of diabetic nephropathy. Diabetic retinopathy and diabetic nephropathy are both diabetic microangiopathic conditions and have similar mechanisms of pathogenesis, including oxidative stress, the polyol pathway and inflammation, 16 factors which may also influence RBP4 levels. Further studies evaluating RBP4 as a biomarker of systemic insulin resistance and type 2 diabetes should, therefore, take renal function into consideration.
Diabetic retinopathy is recognized as a lowgrade chronic inflammatory disease. 3 Chronic subclinical inflammation may underlie the vascular pathology of diabetic retinopathy. It is known, for example, that retinal expression of inflammatory factors is correlated with diabetic blood-retinal barrier breakdown and ischaemia-related neovascularization. 17 As RBP4 levels are correlated with inflammatory factors, 8 it may be predicted that BRP4 could be involved in the inflammatory process of diabetic retinopathy.
Although further studies are needed, we suggest that RBP4, together with numerous other factors, including adipokines and inflammatory factors, might be involved in the progression of eye lesions in patients with diabetes. Additionally, measuring RBP4 levels may be a novel method for evaluating the severity of diabetic retinopathy in patients with type 2 diabetes and RBP4 could become a helpful biomarker for the diagnosis and treatment of patients with diabetic retinopathy.
